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Tomato (Solanum lycopersicum) is an important vegetable crop worldwide. In Tanzania, 
tomato is one of the three most commonly grown vegetables and is produced mainly as a cash 
crop. Tomato production in Tanzania is performed mainly by smallholder farmers (farmers with 
land-holdings of less than 2 ha). Tomatoes serve as both a source of income and nutrients for 
smallholder farmers and their communities.  
Yields of tomato in Tanzania lag behind tomato yields in developed nations and other 
East African nations. Tomato yields in similarly sized nations in East Africa, such as Kenya and 
Ethiopia, are much higher than Tanzanian tomato yields (UNFAO, 2011). In Tanzania, tomatoes 
were produced on 30,000 hectares in 2011 with an mean yield of 83,333 Hg/Ha (88). At the 
same time, the mean yield of tomatoes in the United States was 10 times higher (848,833 Hg/Ha) 
than mean yield in Tanzania. Since 1961, 21-fold more area is harvested for tomato, production 
has increased 25-fold, but total tomato yield has only increased 1.2 fold in Tanzania (UNFAO, 
2011). In the United States, tomato yield has increased 3-fold since 1961, whereas, in Kenya, 
tomato yield has increased 1.5-fold.  
No single explanation is available for low tomato yields and yield stagnation in Tanzania. 
Tomato production practices in much of the developed world are technologically driven, with 
some production done in high tunnels and greenhouses (Heuvelink, 2005). Most tomato 
   
production in Tanzania is done in open fields, with few farmers producing in high tunnels 
(Heuvelink, 2005). Access to inputs, while easy and less expensive in developed nations, is more 
difficult in developing countries such as Tanzania. United with a lack of inputs, unproductive 
soils greatly limit crop production (Chipungahelo and Komba, 2009; Ellis-Jones and Tengberg, 
2000; van Bruggen and Semenov, 2000). A lack of access to superior tomato germplasm likely 
limits yields in this region (Luzi-Kuhupi, et al. 2012). Locally adapted, disease resistant 
cultivars, with locally desired characteristics, are not widely available in Tanzania (Minja, et al. 
2011). Reliable, inexpensive seed sources are needed, because contaminated (Mbega, et al. 2012) 
and unthrifty seed sources reduce yield from the onset of planting. One of the clearest constraints 
to Tanzanian tomato production is disease (Maerere, et al. 2010).  
Tomatoes in Tanzania are affected by a wide range of pathogens. Bacterial diseases of 
tomato in Tanzania include tomato wilt (causal agent Ralstonia solanacearum (Black and Seal, 
1999)), canker (Clavibacter michiganensis subsp. michiganensis (Black and Seal, 1999)), 
bacterial speck (Pseudomonas syringae pv. tomato (Black, et al. 2000; Shenge and Mabagala, 
2007, Shenge, et al. 2007)), and bacterial spot (Xanthomonas euvesicatoria, X. vesicatoria, X. 
gardneri, X. perforans and a fifth unclassified Xanthomonas species (Shenge, et al., 2007a, 
2007b, 2010)). Root-knot nematodes (Meloidogyne spp.) were found in a majority of tomato 
samples in a survey of twelve different regions, with M. javanica being the most common 
nematode on tomato (Nono-Womdim, 2002). Reported fungal diseases (Maerere, et al. 2010) of 
Tanzanian tomatoes include early blight (Alternaria solani) and Septoria leaf spot (Septoria 
lycopersici). Tomato late blight (Phytophthora infestans) is also a major problem on tomato in 
Tanzania (Maerere, et al. 2010; Ojiewo, et al. 2011). It is unclear which diseases contribute the 
most to tomato yield loss regionally. In order to prioritize limited resources for disease 
   
management, a survey is needed of the most commonly occurring diseases in key tomato 
producing regions.  
Current disease and pest management strategies in the Morogoro region and nearby 
regions rely heavily on pesticides, mainly fungicides and insecticides (Maerere, et al. 2006 and 
2010; Ngowi, et al. 2007). In a survey of pesticide usage in Northern Tanzania (Ngowi, et al. 
2007), farmers used improvised tank mixes (33% of respondents) and pesticides for non-target 
pests, and felt symptoms of pesticide poisoning after application (68% of respondents). More 
education is needed to reduce misuse of pesticides, but an alternative is to look to disease 
management strategies that reduce reliance on chemical pesticides. In integrated pest 
management, chemical pesticides are a control measure to be used sparingly, in favor of cultural, 
biological, and physical pest control measures. In order to develop these management tactics, an 
integrated, multi-tactical approach is often needed.  
A long term goal of integrated pest management programs is to reduce farmer reliance on 
chemical pesticides by offering alternative disease management strategies. Before these 
alternatives can be offered to smallholder tomato farmers, it is necessary to have a better 
understanding of the most prevalent tomato diseases in the Morogoro Region. To address this 
gap in our knowledge, we determined the most prevalent tomato diseases in the Morogoro 
Region through disease surveys and enthnophytopathological (local plant disease knowledge 




   
Materials and Methods 
Study Sites 
 This research was conducted in five villages in the Morogoro Region. These villages 
included Msufini, Mabana, Msongozi, Mlali and Kibagala. Baseline surveys were administered 
to twenty farmers in each village to determine basic characteristics of the famers and their 
tomato production practices. 
Disease Survey 
 Disease surveys were conducted during the dry (August 2013) and wet (May 2014) 
tomato production seasons. Within each village, ten fields were surveyed during each season, 
and within each field, three two-meter squared plots were surveyed for both disease incidence 
and severity. 
Soil Health Assay 
 Soil was collected from each disease survey field during the wet season disease survey. 
Soil samples from a depth of 15 cm were collected from 10 random locations within a field. Sub-
samples were pooled and mixed well. For the soil health assay (modified for tomato (Gugino, et 
al. 2009)), 150 mL of soil was placed in the bottom portion of a 500 mL soda bottle with holes 
punctured in the bottom for drainage. Tomato ‘Moneymaker’ seeds were planted in each pot and 
allowed to grow for 5 weeks, at which time roots were evaluated for root knot nematode galling. 
Nematode galls were counted and the dry weight for each root was obtained. For each soil 
sample, there were five replicates and the experiment was conducted twice. Nematode incidence 
was rated high if galls were present in more than 50% of replicates for a soil, moderate if present 
1 - 50% of replicates, and not detected if no galls were found. 
   
Ethnophytopathology Activities 
 Information on local plant disease knowledge was collected in two activities. For both 
activities, a set of cards with pictures of key symptoms of 18 tomato diseases, one disorder and 
one insect pest was used to facilitate farmer discussion. To determine which tomato diseases 
farmers thought were most important, farmers were asked to identify which five diseases they 
thought were most important in both tomato production seasons. If farmers selected more than 
five diseases for either season, responses were discarded. To determine local tomato disease 
names, farmers were also asked to provide their names in Kiswahili or local language. Names 
were translated into English and assigned to naming category (symptoms, borrowed, causal 
agent, weather) according to Bentley et al. (2009). 
Results 
Farmer Characteristics 
The majority of tomato farmers interviewed were male (72%), and the majority of 
farmers had completed primary school only (81%). The average amount of land under tomato 
production was 1.67 acres and farmers had an average of 8.9 years of experience producing 
tomato. 
Disease Survey 
 During the wet and dry seasons, the most commonly encountered tomato diseases 
included early blight, bacterial spot, Septoria leaf spot, and viral diseases (Fig. 1). During the wet 
season, tomato yellow leaf curl was the fifth most commonly encountered tomato disease, 
whereas in the dry season, Botrytis blight was the fifth most commonly encountered disease.  
Late blight and bacterial wilt are two tomato diseases that can decimate farmers’ fields, yet were 
   
found in few fields during these disease surveys. Late blight was only found in two villages 
during the wet season and bacterial wilt was only found in one village during both seasons.   
Two new tomato diseases were identified in Tanzania during this study. Pith necrosis, 
caused by Pseudomonas cichorii, was identified in Mabana and Msufini (Testen, et al., 2015).  
Tomato big bud, a phytoplasmal disease, was identified in Msufini, Mabana, and Msongozi. 
Soil Health Assay 
 For the soil health assay, root knot nematodes were detected at high incidences in at least 
one experiment for 42 of 50 soil samples and at moderate incidence in seven samples.  Only two 
soil samples were apparently free of root knot nematodes. 
Figure 1: Incidence of tomato diseases in the Morogoro Region during the dry and wet tomato 
production seasons. The diameter of each circle indicates the number of fields in which the 




   
Ethnophytopathology Activities 
 Farmers ranked four diseases as most important for both the dry and wet tomato 
production seasons: bacterial spot, tomato yellow leaf curl virus, root knot nematode, and late 
blight. 
 Ninety-nine local tomato disease names were gathered from farmers. Farmers most often 
named diseases based on the symptoms (46% of names) using names such as wilting, lesions, 
yellowing, and curling. Farmers also named diseases using words borrowed (30% of names) 
from other aspects of life, such as human health. Examples of borrowed disease names include 
leprosy, chickenpox, anthrax, camouflage, and ashes. Farmers also named diseases based on the 
perceived causal agent of the disease (17% of names), but these names were only correctly 
attributed to the appropriate causal agent for 65% of cases. The final category of local plant 
disease names were names based on weather conditions associated the disease (5% of names). 
Discussion 
 We took a participatory approach to identify key tomato diseases in the Morogoro Region 
and develop methods to improve farmer management of these diseases.  The approaches we used 
included disease surveys, soil health assays, and ethnophytopathological studies. 
From the disease surveys, we determined which tomato diseases occurred most often in 
the Morogoro Region.  The most commonly encountered diseases (early blight, bacterial spot, 
Septoria leaf spot, and viral diseases) in our surveys are common tomato diseases globally.  
Disease identification and management cards for farmer use were created for each commonly 
encountered tomato disease (Table 1).  These cards serve as our main extension output for the 
project and provide farmers with multiple disease management options.  Farmers’ reliance on 
   
pesticides could decrease if the farmers use these cards.  Pesticide use could decrease for two 
reasons: farmers better identify diseases, such as bacterial and viral diseases, that would not 
respond to fungicide use and/or farmers use non-pesticide disease management strategies, such 
as sanitation or disease resistant varieties. 
 The soil health assay highlighted the importance of root knot nematode, Meloidogyne sp., 
as a key pathogen of tomatoes in the Morogoro Region. Tropical farmers have few management 
options for root knot nematodes, but the soil health assay would allow farmers to monitor fields 
for nematode problems.  One potential management strategy for root knot nematode is host 
resistance.  Tomato cultivars could be screened in participatory variety selection trials to 
determine which cultivars would perform best in nematode infested soils. 
 Farmer knowledge was incorporated in this study because the participating farmers have 
extensive experience with tomato production in the region and could identify disease problems 
that occurred outside of our project period. Farmer identification of late blight as the most 
important disease of tomato in both production seasons conflicted with our identification of this 
disease in only two villages in one season.  This conflicting information does not indicate that 
the farmers are wrong, but may be related to weather conditions, the timing of the surveys or 
other factors.  Activities to identify local tomato disease names were conducted mainly to 
improve farmer-researcher communication in the field.  However, these activities also provided 
interesting insight into how farmers named diseases.  For example, farmers in three villages 
called late blight ‘fulifuli’, a Kiswahili word for cloudy, drizzly weather (the disease conducive 
conditions for late blight). 
 In conclusion, this study provided a better understanding of key tomato diseases that 
constrain tomato production in the Morogoro Region of Tanzania.  The findings of this study 
   
form the foundation for developing further projects to support smallholder tomato farmers.  
Examples of future projects include disease-targeted participatory variety selection trials and 
tomato disease management workshops for farmers and extension agents. 
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-I
f 
d
is
ea
se
d
 w
ee
d
s 
ar
e 
p
re
se
n
t,
 r
em
o
v
e 
th
e
se
 w
ee
d
s 
fr
o
m
 t
h
e 
fi
el
d
. 
-W
at
er
 a
t 
th
e 
b
as
e 
o
f 
th
e 
p
la
n
t 
an
d
 a
v
o
id
 s
p
la
sh
in
g
 w
at
er
 o
n
 l
ea
v
es
. 
B
ac
te
ri
al
 
W
il
t 
 
T
h
is
 
d
is
ea
se
 
is
 
ca
u
se
d
 
b
y
 
b
ac
te
ri
a.
 T
h
e 
b
ac
te
ri
a 
li
v
e 
in
 
so
il
 a
n
d
 c
an
 b
e 
sp
re
ad
 f
ie
ld
 
to
 f
ie
ld
 b
y
 t
o
o
ls
 t
h
at
 h
a
v
e 
n
o
t 
b
ee
n
 
cl
ea
n
ed
, 
a
n
d
 
in
 
w
at
er
 
u
se
d
 
fo
r 
ir
ri
g
at
io
n
. 
T
h
is
 
d
is
ea
se
 
ca
n
 
al
so
 
sp
re
ad
 
th
ro
u
g
h
 
in
fe
ct
ed
 
se
ed
s 
an
d
 
tr
an
sp
la
n
ts
. 
T
h
is
 
d
is
ea
se
 
is
 
fa
v
o
re
d
 
b
y
 
w
ar
m
, 
ra
in
y
 
w
ea
th
er
 t
h
at
 l
ea
d
s 
to
 w
ar
m
, 
w
et
 s
o
il
s.
 
-Y
o
u
n
g
 l
ea
v
e
s 
w
il
t 
fi
rs
t.
 
-W
il
ti
n
g
 s
p
re
ad
s 
to
 r
es
t 
o
f 
p
la
n
t 
an
d
 
le
av
es
 b
eg
in
 t
o
 d
ie
. 
-L
ea
v
e
s 
d
o
 
n
o
t 
d
is
co
lo
r 
b
ef
o
re
 
w
il
ti
n
g
. 
-P
la
n
ts
 
w
il
t 
u
n
e
x
p
ec
te
d
ly
 
an
d
 
q
u
ic
k
ly
. 
-T
h
e 
in
si
d
e 
o
f 
to
m
at
o
 
st
e
m
s 
ar
e 
y
el
lo
w
 o
r 
b
ro
w
n
 a
n
d
 o
o
ze
 m
a
y
 b
e 
sq
u
ee
ze
d
 
fr
o
m
 
c
u
t 
st
e
m
s.
 
T
h
is
 
is
 
v
is
ib
le
 i
n
 a
 c
le
ar
 g
la
ss
 o
f 
w
at
er
 a
ft
er
 
a 
m
in
u
te
 o
r 
so
. 
-D
o
 n
o
t 
w
o
rk
 i
n
 f
ie
ld
s 
w
it
h
 b
ac
te
ri
al
 w
il
t 
an
d
 t
h
e
n
 m
o
v
e 
to
 d
is
ea
se
-f
re
e 
fi
e
ld
s.
 T
h
is
 
sp
re
ad
s 
th
e 
b
ac
te
ri
a.
 
-C
le
a
n
 t
o
o
ls
 t
h
o
ro
u
g
h
ly
 b
et
w
e
en
 f
ie
ld
s.
 
- 
F
u
n
g
ic
id
es
 w
il
l 
N
O
T
 c
u
re
 t
h
is
 d
is
ea
se
. 
D
o
 n
o
t 
ap
p
ly
 f
u
n
g
ic
id
es
 o
r 
o
th
er
 p
es
ti
ci
d
es
 
fo
r 
th
is
 d
is
ea
se
. 
-R
o
ta
te
 w
it
h
 m
ai
ze
 o
r 
ri
ce
 t
o
 d
ec
re
as
e 
th
e 
p
at
h
o
g
e
n
 i
n
 t
h
e 
so
il
. 
-D
o
 n
o
t 
o
v
er
-i
rr
ig
at
e 
fi
el
d
s 
h
a
rb
o
ri
n
g
 t
h
e 
b
ac
te
ri
a 
th
at
 c
au
se
 b
ac
te
ri
al
 w
il
t 
an
d
 d
o
 n
o
t 
al
lo
w
 w
at
er
 f
ro
m
 a
n
 i
n
fe
ct
ed
 f
ie
ld
 t
o
 s
p
re
ad
 t
o
 o
th
er
 f
ie
ld
s.
 
D
is
ea
se
 
B
a
si
cs
 
S
y
m
p
to
m
s 
M
a
n
a
g
em
e
n
t 
B
ac
te
ri
al
 
C
an
k
er
 
T
h
is
 d
is
ea
se
 i
s 
ca
u
se
d
 b
y
 a
 
b
ac
te
ri
a.
 
It
 
is
 
sp
re
ad
 
b
y
 
in
fe
ct
ed
 s
ee
d
s 
an
d
 s
ee
d
li
n
g
s,
 
an
d
 t
o
o
ls
 o
r 
h
a
n
d
s 
th
at
 h
a
v
e
 
n
o
t 
b
ee
n
 
p
ro
p
er
ly
 
cl
ea
n
ed
. 
T
h
e 
d
is
ea
se
 i
s 
fa
v
o
re
d
 u
n
d
er
 
w
ar
m
, 
ra
in
y
, 
h
u
m
id
 
co
n
d
it
io
n
s.
 
-L
ea
f 
ed
g
es
 b
ec
o
m
e 
b
ro
w
n
 a
n
d
 d
ry
. 
-L
ea
v
e
s 
m
a
y
 w
il
t.
 
-B
ro
w
n
, 
d
ea
d
 a
re
as
 o
n
 s
te
m
. 
-T
h
e 
in
si
d
e 
o
f 
th
e 
st
e
m
 
is
 
li
g
h
t 
b
ro
w
n
. 
-D
ar
k
 
g
re
en
 
sp
o
ts
 
su
rr
o
u
n
d
e
d
 
b
y
 
w
h
it
e 
ap
p
ea
r 
o
n
 t
h
e 
fr
u
it
. 
-U
se
 p
at
h
o
g
en
-f
re
e 
se
ed
s.
 I
f 
n
o
t 
av
ai
la
b
le
, 
tr
ea
t 
se
ed
s 
w
it
h
 2
0
%
 b
le
ac
h
 f
o
r 
1
 m
in
u
te
, 
th
en
 r
in
se
 w
el
l 
in
 b
o
il
ed
, 
th
e
n
 c
o
o
le
d
 w
at
er
. 
D
ry
 s
ee
d
s 
in
 a
 s
in
g
le
 l
a
y
er
 o
n
 p
ap
er
. 
-O
n
ly
 t
ra
n
sp
la
n
t 
h
ea
lt
h
 s
ee
d
li
n
g
s.
 T
ra
n
sp
la
n
ts
 s
h
o
u
ld
 b
e 
p
ro
d
u
ce
d
 i
n
 r
o
w
s 
o
n
 r
ai
se
d
 
b
ed
s.
 B
u
rn
 o
r 
b
u
ry
 s
ic
k
 s
ee
d
li
n
g
s 
a
w
a
y
 f
ro
m
 t
h
e 
to
m
a
to
 f
ie
ld
. 
 
-F
u
n
g
ic
id
e
s 
w
il
l 
N
O
T
 c
u
re
 t
h
is
 d
is
ea
se
. 
D
o
 n
o
t 
ap
p
ly
 f
u
n
g
ic
id
es
 o
r 
o
th
er
 p
es
ti
ci
d
es
 f
o
r 
th
is
 d
is
ea
se
. 
-R
o
ta
te
 w
it
h
 m
ai
ze
 o
r 
p
ad
d
y
 r
ic
e 
to
 r
ed
u
ce
 t
h
e 
p
at
h
o
g
e
n
 i
n
 t
h
e 
so
il
. 
-R
e
m
o
v
e 
w
ee
d
s 
fr
o
m
 t
h
e 
fi
el
d
 t
h
at
 s
h
o
w
 s
im
il
ar
 s
y
m
p
to
m
s 
to
 t
o
m
at
o
. 
-R
o
ta
te
 w
it
h
 c
ro
p
 t
h
at
 i
s 
n
o
t 
to
m
at
o
, 
p
ep
p
er
, 
o
r 
A
fr
ic
an
 e
g
g
p
la
n
t.
 
-C
le
a
n
 a
ll
 t
o
o
ls
 w
el
l 
b
ef
o
re
 m
o
v
in
g
 b
et
w
ee
n
 p
la
n
ts
 a
n
d
 b
et
w
ee
n
 f
ie
ld
s.
 
-W
at
er
 a
t 
th
e 
b
as
e 
o
f 
th
e 
p
la
n
t 
an
d
 a
v
o
id
 s
p
la
sh
in
g
 w
at
er
 o
n
 l
ea
v
es
. 
-R
e
m
o
v
e 
d
is
ea
se
d
 p
la
n
t 
d
eb
ri
s 
fr
o
m
 t
h
e 
fi
el
d
. 
L
at
e 
B
li
g
h
t 
T
h
is
 
d
is
ea
se
 
is
 
ca
u
se
d
 
b
y
 
so
m
et
h
in
g
 t
h
at
 i
s 
si
m
il
ar
 t
o
 a
 
fu
n
g
u
s.
 I
t 
is
 s
p
re
ad
 b
y
 w
in
d
 
an
d
 r
ai
n
, 
a
n
d
 t
h
e
 d
is
ea
se
 i
s 
fa
v
o
re
d
 b
y
 c
o
o
l 
an
d
 h
u
m
id
 
w
ea
th
er
. 
-B
ro
w
n
 
p
at
ch
es
 
g
ro
w
 
to
 
co
v
er
 
en
ti
re
 l
ea
v
e
s,
 t
h
es
e 
p
at
ch
e
s 
m
a
y
 d
ie
 
an
d
 t
u
rn
 a
 d
ar
k
er
 c
o
lo
r.
 
-O
n
 t
h
e 
u
n
d
er
si
d
e 
o
f 
th
es
e 
le
si
o
n
s,
 
th
er
e 
is
 w
h
it
e 
fl
u
ff
y
 g
ro
w
th
; 
h
e
av
il
y
 
d
is
ea
se
d
 l
ea
v
es
 d
ie
. 
-L
ar
g
e 
d
ar
k
 b
ro
w
n
 t
o
 b
la
ck
 p
at
ch
es
 
m
a
y
 b
e 
se
e
n
 o
n
 s
te
m
s.
 
-O
n
 f
ru
it
s,
 d
ar
k
, 
b
ro
w
n
 o
r 
co
p
p
er
y
 
g
lo
ss
y
 
p
at
ch
e
s 
g
ro
w
 
to
 
co
v
e
r 
th
e 
en
ti
re
 
fr
u
it
. 
T
h
er
e 
m
a
y
 
b
e 
fl
u
ff
y
 
w
h
it
e 
g
ro
w
th
 o
n
 t
h
es
e 
p
at
c
h
es
. 
-R
e
m
o
v
e 
in
fe
ct
ed
 p
la
n
t 
m
at
er
ia
l 
an
d
 i
n
fe
ct
ed
 f
ru
it
s 
fr
o
m
 t
h
e 
fi
el
d
 a
n
d
 b
u
rn
 o
r 
b
u
ry
. 
-O
n
ly
 t
ra
n
sp
la
n
t 
h
ea
lt
h
y
 t
o
m
at
o
 s
ee
d
li
n
g
s.
 T
ra
n
sp
la
n
ts
 s
h
o
u
ld
 b
e 
p
ro
d
u
ce
d
 i
n
 r
o
w
s 
o
n
 
ra
is
ed
 b
ed
s.
 B
u
rn
 o
r 
b
u
ry
 s
ic
k
 s
ee
d
li
n
g
s 
a
w
a
y
 f
ro
m
 t
h
e 
to
m
at
o
 f
ie
ld
. 
-R
ed
u
ce
 m
o
is
tu
re
 i
n
 t
h
e 
le
a
v
es
, 
b
y
 s
p
ac
in
g
 p
la
n
ts
 o
r 
w
at
e
ri
n
g
 f
ro
m
 t
h
e 
b
as
e 
o
f 
th
e 
p
la
n
t.
 
-R
e
m
o
v
e 
to
m
at
o
es
 t
h
at
 g
ro
w
 i
n
 y
o
u
r 
fi
el
d
s 
b
et
w
ee
n
 s
ea
so
n
s 
as
 t
h
es
e 
p
la
n
ts
 a
ll
o
w
 t
h
e 
p
at
h
o
g
en
 t
o
 s
u
rv
iv
e 
b
et
w
ee
n
 s
ea
so
n
s.
 
-S
o
m
e 
to
m
at
o
 v
ar
ie
ti
es
 a
re
 r
es
is
ta
n
t 
to
 l
at
e 
b
li
g
h
t 
an
d
 d
o
 n
o
t 
d
ev
el
o
p
 m
u
c
h
 d
is
ea
se
. 
-A
sk
 y
o
u
r 
lo
ca
l 
ex
te
n
si
o
n
 a
g
e
n
t 
fo
r 
fu
n
g
ic
id
e 
su
g
g
es
ti
o
n
s 
fo
r 
th
is
 d
is
ea
se
. 
 
E
ar
ly
 
B
li
g
h
t 
an
d
 
S
te
m
 
C
an
k
er
 
T
h
is
 d
is
ea
se
 i
s 
ca
u
se
d
 b
y
 a
 
fu
n
g
u
s.
 I
t 
is
 s
p
re
ad
 b
y
 w
in
d
 
an
d
 
ra
in
, 
a
n
d
 
d
is
ea
se
 
is
 
fa
v
o
re
d
 
b
y
 
w
ar
m
, 
ra
in
y
 
w
ea
th
er
. 
-B
ro
w
n
 s
p
o
ts
 f
o
rm
 o
n
 l
ea
v
e
s,
 f
ru
it
s 
an
d
 s
te
m
s.
 T
h
e 
sp
o
ts
 h
av
e 
a 
b
u
ll
’s
 
e
y
e 
p
at
te
rn
. 
 
-O
n
 l
ea
v
es
, t
h
e 
ar
ea
 s
u
rr
o
u
n
d
in
g
 t
h
e
 
sp
o
ts
 t
u
rn
s 
b
ri
g
h
t 
y
el
lo
w
. 
-D
ar
k
 b
ro
w
n
, 
o
v
al
 p
at
ch
e
s 
w
it
h
 a
 
b
u
ll
’s
 
ey
e 
p
at
te
rn
 
(c
an
k
er
s)
 
m
ay
 
d
ev
el
o
p
 o
n
 t
h
e 
st
e
m
s.
 
-T
h
e 
d
is
ea
se
 s
ta
rt
s 
at
 t
h
e 
b
o
tt
o
m
 o
f 
p
la
n
ts
 
a
n
d
 
m
o
v
e
s 
u
p
. 
D
is
ea
se
d
 
le
av
es
 f
al
l 
o
ff
 t
h
e 
p
la
n
t.
 
-B
u
ry
 o
r 
d
es
tr
o
y
 a
ll
 i
n
fe
c
te
d
 p
la
n
t 
d
eb
ri
s.
 
-R
o
ta
te
 w
it
h
 m
ai
ze
 o
r 
p
ad
d
y
 t
o
 r
ed
u
ce
 d
is
ea
se
. 
-F
er
ti
li
ze
 p
la
n
ts
 p
ro
p
er
ly
 (
n
o
t 
to
 l
it
tl
e 
o
r 
to
o
 m
u
c
h
 n
it
ro
g
e
n
) 
to
 r
ed
u
ce
 e
ar
ly
 b
li
g
h
t.
 
-R
ed
u
ce
 h
u
m
id
it
y
 o
n
 f
o
li
a
g
e.
 
-R
e
m
o
v
e 
w
ee
d
s 
w
it
h
 s
im
il
ar
 s
y
m
p
to
m
s.
 
-R
e
m
o
v
e 
to
m
at
o
es
 
th
at
 
g
ro
w
 
in
 
fi
el
d
s 
b
et
w
ee
n
 
se
as
o
n
s 
as
 
th
es
e 
p
la
n
ts
 
al
lo
w
 
th
e
 
p
at
h
o
g
en
 t
o
 s
u
rv
iv
e 
fr
o
m
 o
n
e 
cr
o
p
 t
o
 t
h
e 
n
ex
t.
 
-A
sk
 y
o
u
r 
lo
ca
l 
ex
te
n
si
o
n
 a
g
e
n
t 
fo
r 
fu
n
g
ic
id
e 
su
g
g
es
ti
o
n
s 
fo
r 
th
is
 d
is
ea
se
. 
 
D
is
ea
se
 
B
a
si
cs
 
S
y
m
p
to
m
s 
M
a
n
a
g
em
e
n
t 
R
o
o
t 
K
n
o
t 
N
e
m
at
o
d
e 
 
T
h
is
 
d
is
ea
se
 
is
 
ca
u
se
d
 
b
y
 
v
er
y
 
sm
al
l 
w
o
rm
s 
(n
e
m
at
o
d
es
).
 
N
e
m
at
o
d
es
 
li
v
e 
in
 
so
il
s,
 
ea
ti
n
g
 
fr
o
m
 
to
m
at
o
 
ro
o
ts
 
an
d
 
ca
n
 
al
so
 
li
v
e 
o
n
 
o
th
er
 
cr
o
p
s 
an
d
 
w
ee
d
s.
 
-R
o
o
ts
 a
re
 s
w
o
ll
en
 a
n
d
 h
a
v
e 
la
rg
e 
g
ro
w
th
s 
o
n
 t
h
e
m
. 
-R
o
o
ts
 a
re
 n
o
t 
w
el
l 
d
ev
el
o
p
ed
, 
an
d
 
th
er
e 
ar
e 
v
er
y
 
fe
w
 
n
e
w
 
ro
o
ts
 
co
m
in
g
 f
ro
m
 t
h
e 
m
ai
n
 r
o
o
t.
 
-P
la
n
ts
 
w
it
h
 
ro
o
t 
k
n
o
t 
n
e
m
a
to
d
es
 
ar
e 
sm
al
le
r 
th
an
 o
th
er
 p
la
n
ts
. 
-R
o
ta
te
 w
it
h
 m
ai
ze
 o
r 
p
ad
d
y
 t
o
 r
ed
u
ce
 d
is
ea
se
. 
R
o
o
t 
k
n
o
t 
n
e
m
at
o
d
es
 c
a
n
n
o
t 
ea
t 
th
e
se
 
p
la
n
ts
. 
-S
o
m
e 
to
m
at
o
 v
ar
ie
ti
es
 a
re
 r
es
is
ta
n
t 
to
 n
e
m
at
o
d
es
. 
-M
a
n
ag
e 
w
ee
d
s 
w
it
h
in
 t
h
e 
to
m
at
o
 f
ie
ld
 t
o
 r
ed
u
ce
 n
e
m
at
o
d
e
 f
o
o
d
 s
o
u
rc
es
. 
-O
n
ly
 t
ra
n
sp
la
n
t 
h
ea
lt
h
y
 s
ee
d
li
n
g
s.
 C
h
ec
k
 t
h
e 
se
ed
li
n
g
 r
o
o
ts
 c
ar
ef
u
ll
y
 a
n
d
 d
o
n
’t
 p
la
n
t 
an
y
 s
ee
d
li
n
g
s 
w
it
h
 r
o
o
t 
k
n
o
ts
 o
r 
ro
o
t 
g
ro
w
th
s 
o
f 
a
n
y
 s
iz
e.
 
-D
o
 n
o
t 
sp
ra
y
 w
it
h
 p
es
ti
ci
d
es
 –
 p
es
ti
ci
d
es
 w
il
l 
n
o
t 
co
n
tr
o
l 
th
is
 d
is
ea
se
. 
S
ep
to
ri
a 
L
ea
f 
S
p
o
t 
 
T
h
is
 d
is
ea
se
 i
s 
ca
u
se
d
 b
y
 a
 
fu
n
g
u
s.
 T
h
e 
d
is
ea
se
 i
s 
sp
re
ad
 
b
y
 
w
in
d
 
an
d
 
ra
in
. 
T
h
e 
d
is
ea
se
 i
s 
fa
v
o
re
d
 i
n
 w
ar
m
, 
h
u
m
id
, 
ra
in
y
 w
ea
th
er
. 
-L
ea
v
e
s 
h
a
v
e 
li
g
h
t 
b
ro
w
n
 s
p
o
ts
 w
it
h
 
d
ar
k
 e
d
g
es
 (
th
e
se
 s
p
o
ts
 a
re
 u
su
al
ly
 
o
n
 o
ld
er
 l
ea
v
es
 f
ir
st
).
 
-W
it
h
in
 t
h
e 
b
ro
w
n
 s
p
o
ts
, 
th
er
e 
ar
e 
ti
n
y
 b
la
c
k
 s
p
o
ts
. 
-L
ea
v
e
s 
fr
o
m
 v
er
y
 s
ic
k
 p
la
n
ts
 f
al
l 
o
ff
 t
h
e 
p
la
n
t.
 
-R
o
ta
te
 w
it
h
 m
ai
ze
 o
r 
p
ad
d
y
 t
o
 r
ed
u
ce
 d
is
ea
se
. 
-O
n
ly
 t
ra
n
sp
la
n
t 
h
ea
lt
h
y
 s
ee
d
li
n
g
s.
 T
ra
n
sp
la
n
ts
 s
h
o
u
ld
 b
e 
p
ro
d
u
ce
d
 i
n
 r
o
w
s 
o
n
 r
ai
se
d
 
b
ed
s.
 B
u
rn
 o
r 
b
u
ry
 s
ic
k
 s
ee
d
li
n
g
s 
a
w
a
y
 f
ro
m
 t
h
e 
to
m
a
to
 f
ie
ld
. 
-H
a
v
e 
g
o
o
d
 w
ee
d
 m
a
n
a
g
e
m
en
t 
p
ra
ct
ic
es
. 
-R
e
m
o
v
e 
d
is
ea
se
d
 p
la
n
t 
d
eb
ri
s 
fr
o
m
 t
h
e 
fi
el
d
. 
-A
sk
 y
o
u
r 
lo
ca
l 
ex
te
n
si
o
n
 a
g
e
n
t 
fo
r 
fu
n
g
ic
id
e 
su
g
g
es
ti
o
n
s 
fo
r 
th
is
 d
is
ea
se
. 
 
T
o
m
at
o
 
y
el
lo
w
 
le
a
f 
cu
rl
 v
ir
u
s 
 
T
h
is
 d
is
ea
se
 i
s 
ca
u
se
d
 b
y
 a
 
v
ir
u
s.
 T
h
e 
v
ir
u
s 
is
 s
p
re
ad
 b
y
 
w
h
it
e
fl
ie
s.
 
 
-P
la
n
ts
 a
re
 s
m
al
l.
 
-L
ea
v
e
s 
ar
e 
d
is
co
lo
re
d
 a
n
d
 y
el
lo
w
. 
-L
ea
v
e
s 
cu
rl
 u
p
w
ar
d
s 
an
d
 b
ec
o
m
e
 
sh
ri
v
el
ed
. 
-L
ea
v
e
s 
m
a
y
 d
ie
. 
 
-F
u
n
g
ic
id
e
s 
w
il
l 
N
O
T
 c
u
re
 t
h
is
 d
is
ea
se
. 
D
o
 n
o
t 
ap
p
ly
 f
u
n
g
ic
id
es
 o
r 
o
th
er
 p
es
ti
ci
d
es
 f
o
r 
th
is
 d
is
ea
se
. 
-D
o
 n
o
t 
p
la
n
t 
n
e
w
 t
o
m
at
o
 f
ie
ld
s 
n
e
x
t 
to
 f
ie
ld
s 
w
it
h
 m
at
u
re
 t
o
m
a
to
es
. 
W
h
it
ef
li
es
 m
a
y
 
ca
rr
y
 t
h
e 
v
ir
u
s 
fr
o
m
 t
h
e 
o
ld
 f
ie
ld
 t
o
 t
h
e 
n
e
w
 f
ie
ld
. 
-O
n
ly
 t
ra
n
sp
la
n
t 
h
ea
lt
h
y
 s
ee
d
li
n
g
s.
 C
o
v
er
 s
ee
d
li
n
g
s 
in
 t
h
e 
n
u
rs
er
y
 b
ed
 w
it
h
 i
n
se
ct
-
p
ro
o
f 
n
et
ti
n
g
 t
o
 p
re
v
en
t 
w
h
it
e
fl
ie
s 
fr
o
m
 c
ar
ry
in
g
 t
h
e 
v
ir
u
s 
to
 t
h
e 
se
ed
li
n
g
s.
 
-M
o
n
it
o
r 
cr
o
p
s 
fo
r 
w
h
it
e
fl
ie
s.
 
-A
sk
 y
o
u
r 
lo
ca
l 
ex
te
n
si
o
n
 a
g
e
n
t 
fo
r 
in
se
ct
ic
id
e 
su
g
g
e
st
io
n
s 
fo
r 
w
h
it
e
fl
ie
s.
 
T
o
m
at
o
 
V
ir
u
se
s 
T
h
es
e 
d
is
ea
se
s 
ar
e 
ca
u
se
d
 b
y
 
v
ir
u
se
s.
 T
h
e
y
 a
re
 s
p
re
ad
 b
y
 
in
se
ct
s,
 
in
fe
ct
ed
 
se
ed
s,
 
an
d
 
p
la
n
t 
sa
p
 
(s
p
re
ad
 
th
ro
u
g
h
 
p
la
n
t 
co
n
ta
ct
 
o
r 
co
n
ta
m
in
at
ed
 t
o
o
ls
).
 
-V
ir
u
s-
in
fe
ct
ed
 
p
la
n
ts
 
ar
e 
sm
al
le
r 
th
an
 p
la
n
ts
 w
it
h
o
u
t 
v
ir
u
se
s.
 
-V
ir
u
se
s 
m
a
y
 
ca
u
se
 
le
av
e
s 
to
 
b
e 
p
al
e 
y
el
lo
w
 
o
r 
h
a
v
e 
d
is
co
lo
re
d
 
p
at
ch
es
 o
n
 t
h
e 
le
av
e
s.
 
-V
ir
u
s 
in
fe
c
te
d
 
p
la
n
ts
 
m
a
y
 
h
av
e
 
m
is
sh
ap
en
 l
ea
v
e
s 
o
r 
st
e
m
s.
 
-M
a
n
ag
e 
in
se
ct
 p
es
ts
 w
it
h
in
 t
h
e 
to
m
a
to
 f
ie
ld
. 
 
-F
u
n
g
ic
id
e
s 
w
il
l 
N
O
T
 c
u
re
 v
ir
u
s 
d
is
ea
se
s.
 D
o
 n
o
t 
ap
p
ly
 f
u
n
g
ic
id
es
 o
r 
o
th
er
 p
es
ti
ci
d
es
 
fo
r 
th
is
 d
is
ea
se
. 
-C
le
a
n
 t
o
o
ls
 w
el
l 
b
et
w
ee
n
 p
la
n
ts
 w
h
e
n
 w
o
rk
in
g
 w
it
h
 t
o
m
at
o
es
. 
-D
o
 
n
o
t 
w
o
rk
 
in
 
to
b
ac
co
 
fi
e
ld
s 
fi
rs
t 
th
e
n
 
m
o
v
e 
to
 
to
m
at
o
es
. 
A
 
v
ir
u
s 
th
at
 
in
fe
ct
s 
to
m
at
o
es
 i
s 
v
er
y
 c
o
m
m
o
n
 i
n
 t
o
b
ac
co
. 
-D
o
 n
o
t 
sm
o
k
e 
to
b
ac
co
 t
h
en
 w
o
rk
 w
it
h
 t
o
m
at
o
. 
W
as
h
 y
o
u
r 
h
an
d
s 
v
er
y
 w
el
l 
to
 p
re
v
en
t 
sp
re
ad
in
g
 a
 v
ir
u
s 
fr
o
m
 t
o
b
ac
co
. 
-D
o
 n
o
t 
p
la
n
t 
to
m
at
o
 f
ie
ld
s 
n
e
x
t 
to
 t
o
b
ac
co
 f
ie
ld
s.
  
-W
as
h
in
g
 t
o
o
ls
 a
n
d
 h
an
d
s 
a
n
d
 t
h
en
 d
ip
p
in
g
 t
h
e
n
 i
n
 m
il
k
 w
il
l 
re
d
u
ce
 s
p
re
ad
 o
f 
v
ir
u
se
s.
 
-S
o
m
e 
to
m
at
o
 v
ar
ie
ti
es
 h
av
e 
re
si
st
a
n
ce
 t
o
 s
p
ec
if
ic
 v
ir
u
se
s.
 A
sk
 y
o
u
r 
lo
ca
l 
ex
te
n
si
o
n
 
ag
en
t 
ab
o
u
t 
th
e
se
 v
ar
ie
ti
e
s.
 
-S
o
m
e 
v
ir
u
se
s 
sp
re
ad
 i
n
 s
ee
d
s.
 D
o
 n
o
t 
sa
v
e 
se
ed
s 
fr
o
m
 v
ir
u
s-
in
fe
ct
ed
 p
la
n
ts
. 
D
is
ea
se
 
B
a
si
cs
 
S
y
m
p
to
m
s 
M
a
n
a
g
em
e
n
t 
F
u
sa
ri
u
m
 
W
il
t 
T
h
is
 d
is
ea
se
 i
s 
ca
u
se
d
 b
y
 a
 
fu
n
g
u
s.
 T
h
e 
fu
n
g
u
s 
li
v
e
s 
in
 
th
e 
so
il
 a
n
d
 i
n
fe
ct
s 
th
e 
p
la
n
ts
 
th
ro
u
g
h
 
th
e 
ro
o
ts
. 
T
h
is
 
d
is
ea
se
 i
s 
fa
v
o
re
d
 b
y
 w
ar
m
 
w
ea
th
er
. 
-P
la
n
t 
tu
rn
 
y
el
lo
w
 
an
d
 
w
il
t.
 
S
o
m
et
im
es
 
o
n
ly
 
h
al
f 
o
f 
th
e
 
le
af
 
tu
rn
s 
y
el
lo
w
. 
-P
la
n
ts
 m
a
y
 w
il
t 
d
u
ri
n
g
 t
h
e 
d
a
y
 a
n
d
 
re
co
v
er
 o
v
er
n
ig
h
t.
 
T
h
e 
in
si
d
e 
o
f 
th
e 
st
e
m
 h
as
 b
ro
w
n
 
d
is
co
lo
ra
ti
o
n
 
n
ea
r 
th
e 
so
il
 
li
n
e.
 
R
o
o
ts
 l
o
o
k
 b
ro
w
n
 a
n
d
 r
o
tt
ed
. 
-R
o
ta
te
 w
it
h
 m
ai
ze
 o
r 
p
ad
d
y
 t
o
 r
ed
u
ce
 d
is
ea
se
. 
-R
e
m
o
v
e 
e
x
ce
ss
 w
ee
d
s 
fr
o
m
 t
h
e 
fi
e
ld
. 
-F
er
ti
li
ze
 p
la
n
ts
 p
ro
p
er
ly
 (
n
o
t 
to
 l
it
tl
e 
o
r 
to
o
 m
u
c
h
 n
it
ro
g
e
n
).
 
-T
h
er
e 
ar
e 
to
m
at
o
 v
ar
ie
ti
es
 t
h
a
t 
ar
e 
re
si
st
an
t 
to
 F
u
sa
ri
u
m
 w
il
t.
 
-O
n
ly
 t
ra
n
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la
n
t 
h
ea
lt
h
y
 s
ee
d
li
n
g
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